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the head increase (for longer sequences, the basin can fill 
more slowly than the sea is rising, thus leading to an 
increasing water level difference). 
This study also provided some information on the 
impact of the sequence choice on the final basin water level 
(i.e. at the end of the filling phase), which is an indication of 
how much energy will be extracted during the following 
turbining phase.  
Drifting times 
Navigation on the estuary is subject to caution when the plant 
is operating as the strong currents can quickly drag a small 
boat towards the plant. Although there exists a safety line 
preventing the boats from coming too close to the plant, 
drifting times – i.e. duration to reach the plant from a given 
location, for a given operation phase – were evaluated and 
helped define the right emergency procedures. 
A first approach was to use the algae transport 
module, but its application to a drifting boat was considered 
unnecessarily complex. Instead we chose to the following 
approach: 
i. compute the trajectory of fluid particles by 
integrating the local velocity, 
ii. compute the trajectory of a drifting boat 
(motor or sailing) using the fluid particles 
trajectory and hydrodynamic and 
aerodynamic forces (drag) applied on the 
boat. 
These steps were integrated in the post-processing 
phase and allowed for a more complete analysis: several 
operating phases and tide conditions were studied without 
needing to re-run the simulations and the influence of drifting 
start time(s) and node(s) was tested in order to identify the 
most critical situations. Fig. 7 represents the “drift duration” 
map obtained for filling and emptying phases during an 
average amplitude tide. Wind conditions (constant force and 
direction) were also included in the parameters; its influence 
could be studied further by taking into account real conditions 
and their statistical distributions. 
 
Figure 7. Drifting times for both emptying (blue) and filling (green) phases, 
for a tide of average amplitude (coefficient 70)  
To validate these calculations, a real-life test was 
undertaken on site: a kayak, equipped with a GPS, was 
positioned about 700m upstream of the plant during a direct 
turbining phase and released in the flow. It was safely 
recovered after a short drift time. The GPS trajectory was 
analysed and compared to the theoretical trajectory (from the 
TELEMAC computation results): Fig. 8 shows the two 
trajectories and Fig. 9 the estimated drift times. Although the 
trajectories present slight differences (probably due to local 
turbulence/wave effects and kayak hull shape), a good 
correlation – slightly conservative - is observed in terms of 
“drift time to plant”. More real-life tests are planned to further 
validate the simulation results. 
V. CONCLUSION AND PERSPECTIVES 
The model implemented allows a large freedom to 
simulate virtually any scenario one can imagine. It has already 
been used to address key safety issues as presented in this 
article. Further development is now considered, with 2 
possible (non-exclusive) perspectives: 
 
 A Sisyphe-coupled model to study the hydro-sediment 
processes at play in the estuary (work to be coordinated 
with EDF R&D), 
 Implementing and completing a sensitivity analysis on 
water levels and/or velocities to quantify the model 
uncertainty (TELEMAC-OpenTurns coupling). 
ACKNOWLEDGEMENT 
The authors thank Denis Aelbrecht, hydraulics expert at 
EDF Hydro Engineering Center, for his constant support and 
wise advice in the studies on tidal power plants, and in 
particular, on La Rance tidal power plant. 
195




Figure 8. Trajectories of a drifting kayak during the direct turbining phase: real-life test (purple dots) and numerical simulation (magenta line). The flow 
velocity field is represented as a coloured vector field  
Figure 9. Drift duration of a drifting kayak during the direct turbining phase: real-life test (blue dots) and numerical simulation (green line)  
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